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SPECIFICATION 

AN ULTRASONIC URINARY VOLUME SENSOR 

FIELD OF THE INVENTION 
[0001] 

The present invention relates to an ultrasonic urinary 
volume sensor, and specifically to an ultrasonic urinary 
volume sensor capable of estimating a volume of urine In a 
bladder accurately corresponding to any particular 
Individuals and/or conditions thereof. 

DESCRIPTION OF THE PRIOR ART 
[0002] 

It Is essential to employ a method based on the 
consideration directed to physiological characteristics of 
the bladder in order to measure a volume of urine in the 
bladder in a practical and simplified manner by using 
ultrasonic waves (see, for example. Patent Document 1). 
[0003] 

[Patent document No.l] Japanese Patent Publication 
No. 2081137 

A method of the prior art as disclosed in the above 
Patent Document No . 1 (a urination alarming apparatus 
equipped with an irradiation angle automatic selection 
function) has employed a plurality of oscillators operable 
at different irradiation angles, in which an oscillator 
having a particular ultrasonic wave irradiation angle for 



achieving a maxlmiim receiving wave level can be 
automatically selected, and a distance between an anterior 
wall cuid a posterior wall of the bladder which may be 
detected by the selected oscillator can be taken as an 
Indicator for estimating a urinary volume In the bladder. 
[0004] 

A result from a clinical measurement conducted by 
using a sensor Incorporated with the Indicator as disclosed 
In the above-cited Patent Document No.l shows a 
characteristic In which the employed Indicator (the 
distance between the anterior wall and the posterior wall 
of the bladder) represents a change In a bladder volume In 
a binary form. It has been revealed that although the 
method Is suitable for such a simple application where If a 
certain bladder volume has been reached or exceeded, an 
alarm Is given, yet the method Is not satisfactorily 
operable for a case requiring a further precise Indication 
of change In the bladder volume. 
[0005] 

Looking Into the fact that a control of urination Is 
placed under a control of the autonomic nervous system such 
as sympathetic nerve and parasympathetic nerve and It does 
not always exhibit constant aspect but exhibits various 
aspects as seen from a phenomenon by way of example that 
when one Is exposed to cold stimulation and/or placed under 
mental strains, the micturition desire emerges In a pattern 
that Is different from his/her ordinary urination pattern, 
there Is still a demand for a sensor capable of capturing 
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the precisely detected change in bladder volume in order to 
provide a carefully controlled management of urination. 
For meeting this demand, it is required to precisely 
analyze a property of bladder expansion. 
[0006] 

The present invention has been finally and 
successfully reached after more than 10-year comprehensive 
study aiming for solving the problem associated with the 
prior art as disclosed in the above -cited Patent Document 
and other publications, and an object thereof is to provide 
an ultrasonic urinary volume sensor capable of estimating a 
urinary volume in the bladder accurately corresponding to 
any particular individuals and/or conditions thereof by 
incorporating a space time series processing method 
allowing for an accurate estimation of the urinary volume 
in the bladder in association with the particular 
individuals and/or conditions thereof. 
[0007] 

The present invention provides an ultrasonic urinary 
volxime sensor comprising: a probe having a plurality of 
ultrasonic oscillators for oscillating ultrasonic waves 
toward a wall surface of a bladder, which is adhesively 
placed over a body surface in an abdominal section via an 
ultrasonic wave transmission medium interposed 
therebetween; and a processing section for detecting and 
processing reflective echoes of the ultrasonic waves from 
the wall surface of the bladder, which have been oscillated 
by the plurality of ultrasonic oscillators of the probe. 



wherein the plurality of ultrasonic oscillators is disposed 

along a direction of expansion of the bladder. 

[0008] 

Further, preferably, the probe may be adhesively 
placed over the body surface in the abdominal section such 
that a lower end of the probe is aligned with an upper end 
of a pubic bone. Still further, the probe may be adapted 
to be adhesively placed over the body surface in the 
abdominal section via the supersonic transmission medium 
not only occasionally for a measurement but also for all 
the time. Yet further, the processing section may detect 
an ultrasonic wave echo peak (P) of a posterior wall of the 
bladder from the reflective echoes of the ultrasonic waves 
from the wall surface of the bladder, which have been 
oscillated by each one of the plurality of ultrasonic 
oscillators; execute a multiplication of the detected 
ultrasonic wave echo peak (p) by a distance between an 
anterior wall and the posterior wall of the bladder (D) 
that can be specified from said ultrasonic wave echo peak 
(P) for each one of the plurality of ultrasonic 
oscillators; execute an addition of respective values from 
the multiplications to determine a measured indicator value 
(PD); and finally execute a multiplication of the measured 
indicator value (PD) by a coefficient corresponding to a 
difference among individuals based on their anatomical 
structures and/or a specific posture during the measurement 
to thereby estimate the urinary volume in the bladder 
reliably. Still further, the probe may have four 
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ultrasonic oscillators . 

[0009] 

Furthermore, the processing section may comprise a 
hardware section and a CPU section. In which the hardware 
section Is electrically connected to the plurality of 
ultrasonic oscillators of the probe and the CPU section, 
and the hardware section Includes a low noise amplifier, an 
A/D converting circuit, a waveform memory, a timing 
generating circuit and an ultrasonic oscillator exciting 
circuit. Yet further, the CPU section may comprise a real- 
time clock for outputtlng a signal at each predetermined 
time, and the CPU section can control the hardware section 
In response to the signal output from the real-time clock. 
Still further, the CPU section may comprise a gain control 
section for controlling a gain of the low noise amplifier, 
and an amplification factor for the low noise amplifier can 
be automatically controlled by the gain control section. 
The urinary volume sensor may further comprise a detachable 
storage medliim. In which the CPU section Is adapted to be 
electrically connected to the storage medium. The 
ultrasonic urinary volume sensor may further comprise a 
wireless data communication function. In which the CPU 
section Is adapted to be electrically connected to the 
wireless data communication function. Furthermore, the 
probe may comprise a trlaxlal acceleration sensor. 

EFFECT OF THE INVENTION 
[0010] 
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According to the present invention, the ultrasonic 
urinary volume sensor that has been configured so as to 
work adaptively in response to each different individual in 
his/her anatomical structure and/or to postures such as a 
lie position, a standing position and a sitting position 
can provide an accurate and reliable estimation of a 
urinary volume in the bladder. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Fig. 1 is a block diagram schematically showing an 
embodiment of an ultrasonic urinary volume sensor according 
to the present invention; 
[0012] 

Pig. 2 is a schematic diagram showing an ultrasonic 
oscillator applicable to an ultrasonic urinary sensor of 
the present invention; 
[0013] 

Fig. 3 shows a graphical representation, in which 
Fig. 3(a) is a graphical representation plotting a set of 
measurement data and Fig. 3(b) is a graphical 
representation plotting a set of data from a space time 
series average processing applied to the measurement data 
shown in Fig . 3(a); and 
[0014] 

Fig. 4 is a block diagram schematically showing 
another embodiment of the present invention. 



7 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0015] 

Preferred embodiments for carrying out an ultrasonic 
urinary volxime sensor (a urinary volume monitor) according 
to the present invention will now be described with 
reference to the attached drawings. An ultrasonic urinary 
volume sensor according to the present invention designates 
such an ultrasonic urinary volume sensor characterized in 
incorporating therein a space time series processing method 
allowing a urinary volume in the bladder to be estimated 
accurately corresponding to any specific individuals and/ or 
conditions thereof^ which can response to various types of 
change effectively by a predictive processing while looking 
up a reference for the specific individual, which reference 
may be obtained through the modeling operation tailored for 
the specific individual, such as personal fitting, by 
applying a learning operation to the previous data on a 
user with additional consideration of a sensor service 
condition, such as a posture, in order to deal with an 
effect on a sensor measurement resultant from a change in 
posture and/or a physical movement during a measurement 
conducted by the sensor as well as a dispersion in the 
ultrasonic wave echo data for the bladder resultant from 
time series characteristics in a bladder wall structure, 
which will change under the influence of organs, tissues 
and the like surrounding the bladder. 
[0016] 

Any changes in spatial- temporal structure of the 
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bladder wall surface will induce a change in the ultrasonic 
wave echoes. Dealing with those changes appropriately may 
be a necessary procedure for ensuring the accuracy in the 
estimation of the urinary volvune of the bladder. The 
change in the ultrasonic wave echo contains a component 
representing a spatial change of the bladder reflecting the 
bladder expansion and a temporal varying component from the 
effect of the surrounding tissues and organs around the 
bladder. Processing those components appropriately in 
accordance with each specific application may allow to 
obtain desired physiological information of the bladder. 
The present invention involves the space time series 
processing directed for measuring a change in the bladder 
volume reliably, which will be described in more detail. 
[0017] 

Fig. 1 shows an ultrasonic urinary volume sensor (a 
urinary volume monitor). This ultrasonic urinary volume 
sensor comprises primarily a probe (an ultrasonic search 
unit) 1 and a processing section 2. As shown in Figs. 1 
and 2, the probe 1 includes four ultrasonic oscillators 3 
for oscillating ultrasonic waves toward a wall surface of 
the bladder and the probe 1 is adhesively placed over the 
body surface in the abdominal section such that a lower end 
of the probe 1 is aligned with a point on the body surface 
just above an upper end of the pubic bone. As well known 
to those ordinary skilled in the art, from a reason that if 
the probe 1 is directly placed over the body surface in the 
abdominal section, a layer of air between the probe 1 and 
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the body surface in the abdominal section will inhibit an 
efficient transmission of the ultrasonic waves, the probe 1 
is adhesively placed over the body surface in the abdominal 
section via a ultrasonic wave transmission medium, such as 
ultrasonic gel, interposed therebetween. The four 
ultrasonic oscillators 3 are disposed along a direction of 
the bladder expansion as shown in Fig. 1 (approximately in 
the vertical direction in Fig. 1). The bladder located 
within the pelvis exhibits a characteristic expansion 
manner defined by its anatomical structure. The base of 
the bladder accretes to a tissue in the base of the pelvis 
to restricts a motion thereof, and it has been confirmed 
from the MRI measurement that the bladder expansion in 
association with the accumulation of the urine takes effect 
primarily in the cephalic direction, while pushing the 
relatively movable small intestine aside. Along this 
expansion direction, the four ultrasonic oscillators 3 are 
evenly spaced by a predetermined distance therebetween. 
[0018] 

The processing section 2 is serving for detecting and 
processing reflective echoes of the ultrasonic waves from 
the wall surface of the bladder, which have been oscillated 
by the set of four ultrasonic oscillators 3 of the probe 1, 
and the processing section 2 comprises primarily a hardware 
section (an ultrasonic wave measuring section) 4 and a CPU 
section 5, as shown in Fig. 1. The hardware section 4 is 
electrically connected to the four ultrasonic oscillators 3 
of the probe 1 and to the CPU 5, and the hardware section 4 



includes a low noise amplifier 6. an A/D converting circuit 
7. a waveform memory 8, a timing oscillating circuit 9 and 
an ultrasonic oscillator exciting circuit 10. 
[0019] 

The ultrasonic oscillators 3 of the probe 1 adhesively 
placed over the body surface in the abdominal section are 
actuated by the timing oscillating circuit 9 and the 
exciting circuit 10 so as to oscillate the ultrasonic waves 
toward the wall surface of the bladder. The reflective 
echoes of the ultrasonic waves from the wall surface of the 
bladder, which have been oscillated by each of the 
plurality of ultrasonic oscillators 3. are amplified in the 
low noise amplifier 6 and then processed by the A/D 
converting circuit 7 into digital signals, which are in 
turn stored in the waveform memory 8. 
[0020] 

When the bladder expands in association with the 
accumulation of the urine, firstly a peak of the echo from 
the posterior wall of the bladder (the reflective echo) 
emerges in the echo of the ultrasonic waves generated by 
one of the oscillator 3 oscillating the waves in the 
direction closer to the base of the bladder, and as the 
bladder volume increases further, the peaks of the echo 
from the posterior wall of the bladder are sequentially 
detected in the echoes of the ultrasonic waves generated by 
other oscillators 3 directed toward more cephalic direction. 
Accordingly, if the waveforms of the echoes of the waves 
generated by respective oscillators 3 are indicated as they 



are overlapped, the expansion of the bladder can be 
visually recognized in an easy way with the number of the 
peaks of the echo from the posterior wall of the bladder 
increasing sequentially. 
[0021] 

The CPU section 5 detects an ultrasonic wave echo peak 
(P) (a digital signal) of the posterior wall of the bladder 
from the reflective echoes (digital signals) of the 
ultrasonic waves from the wall surface of the bladder, 
which have been oscillated by respective ultrasonic 
oscillators, and then executes a multiplication of the 
detected ultrasonic wave echo peak (P) by a distance 
between the anterior wall and the posterior wall of the 
bladder (D) specified from the ultrasonic wave echo peak 
(P) for each one of the ultrasonic oscillators, and thus 
determine a measured indicator value (PD) by an addition of 
respective values determined from the multiplication (see 
Pig. 2). Subsequently, thus determined measured indicator 
value (PD) is multiplied by a predetermined coefficient 
corresponding to a difference among individuals based on 
the anatomical structure and/or a specific posture during 
the measurement to thereby estimate the urinary volume in 
the bladder reliably. 
[0022] 

To explain specifically, the measured indicator value 
(PD) can be arithmetically determined by multiplying the 
distance between the anterior wall and the posterior wall 
of the bladder (D), which can be specified by the emergence 



of the ultrasonic wave echo peak (P) of the posterior wall 
of the bladder , by the magnitude of the echo peak ( P ) , and 
then by summing up thus obtained values over respective 
oscillators 3. This arithmetic operation method is based 
on the waveform processing that has taken practical aspect 
of emergence of the ultrasonic wave echo waveform of the 
bladder wall into account. It has been confirmed from the 
measurement in a clinical examination scene that the 
quantitative characteristic of thus determined indicator 
value is sufficiently satisfactory. It may be also 
possible to deal with the difference among individuals in 
anatomical structure and the like and/or the specific 
posture, including a lie position, a standing position and 
a sitting position, by multiplying the indicator value by 
an appropriate coefficient (e.g.. a predetermined 
coefficient to make a correction to the difference among 
individuals and/or the posture during the measurement), and 
thus to estimate the urinary volume in the bladder 



10023] 

Although the indicator value increases incrementally 
in association with the accumulation of the urine in the 
bladder, some dispersion will be introduced into the value. 
This dispersion is resultant from a reflecting mechanism of 
the ultrasonic wave on the wall surface of the bladder and 
thus the dispersion in itself is unavoidable. Although the 
indicator values tend to disperse from one measurement time 
to another measurement time, its trend according to the 



time series exhibits quite a nice correspondence to the 
accximulation of the urine ^ and so applying the appropriate 
time series data processing may allow a reasonable 
estimation value of the urinary volume in the bladder to be 
obtained. Achieving the optimal data processing requires a 
set of detailed information relating to a factor which may 
contribute to the spatial -temporal varying characteristics 
of the wall surface of the bladder. From the viewpoint of 
the problem in the actual practice, since the optimal data 
processing in real time is not feasible, a simplified 
processing method, including the predictive processing, may 
be used, and consequently the achievement of the optimal 
data processing requires the selection of the space time 
series processing method suitable for each particular 
situation. 
[0024] 

Based on the above -discussed point, in the embodiment 
of the present invention, the probe 1 incorporated with 
four of the ultrasonic oscillators 3 aligned in the 
expansion direction is adhesively placed on the body such 
that the lower end of the probe 1 is disposed on the upper 
end of the pubic bone and the measurement is carried out at 
every one second repeatedly by 10 times (i.e., the 
measurement over 10 seconds) to determine the indicator 
values (PD), wherein the highest two values and the lowest 
two values are excluded from thus determined indicator 
values and an average over the remaining six values is 
output. In the actual practice, the above-defined 



operation were repeated at every two minutes (ccurrled out 
two or more times In the burst) to conduct an experimental 
measurement (a burst sampling averaging), and It was 
recognized from the obtained good result that the method of 
the embodiment Is full of promise as the simplified 
processing method. Fig. 3(a) shows the data from this 
experimental measurement. Further, as shown In Fig. 3(b), 
If the moving average method (the space time series 
averaging) Is further applied to the data shown In Fig. 
3(a), the urinary volume estimation of higher precision can 
be obtained . 
[0025] 

An estimation value of the urinary volume (result) 
obtained in the above -described operation may be Indicated 
In a display section 11 (see Fig. 1) and also recorded In a 
recording section 12. Further, as shown In Fig. 1, the 
display section 11 may be used for setting a parameter 
required for determining the estimation value of the 
urinary volume and/or a threshold value for alarming, and 
the sensor may Include an alarming section (an alarm output 
function) consisting of a buzzer, an oscillation buzzer, a 
LED or the like, as designated by reference numeral 13. It 
Is to be noted that the display section 11, the recording 
section 12 and the alarming section 13 are electrically 
connected to the CPU section 5 . 
[0026] 

Further, the ultrasonic urinary volume sensor may also 
Include a wireless data communication function as 



designated by reference numeral 14. This wireless 
communication function 14 is electrically connected to the 
CPU 5. In this case, for example, as shown in Fig. 4, it 
may become possible that the information (signal) 
originating from the wireless data communication function 
of the ultrasonic urinaary volume sensor according to the 
present invention can be transmitted to a nurse center 17 
through a communication function (a LAN or any dedicated 
line) provided in a hospital or other facilities via a 
relay unit 16 or directly, so that the nurse center 17 can 
be informed of the condition of a patient . Further as 
designated by reference niomeral 18, not only the nurse 
center but also a care personnel for the patient can be 
informed of the condition of the patient. Further, as 
designated by reference numeral 19, the information can be 
given to a doctor and/or nurse in chcurge quickly without 
any delay over a transmission means, such as a in-house PHS 
and the like. In addition, as designated by reference 
numeral 20, the information can be transmitted via the 
relay unit to a large display unit where the information 
may be presented. In this way, the ultrasonic urinary 
volume sensor is adapted to inform any authorized people, 
such as the doctor, nurse and care personnel, of the 
condition of the patient quickly without any delay by 
including the wireless communication function in the sensor. 
[0027] 

The ultrasonic urinary volume sensor may comprise a 
detachable storage medium 15. The storage medium 15 is 



electrically connected to the CPU section 5, and 
Information signals representing a urinary volume 
estimation value (result), an ultrasonic waveform, an 
operation result and the like are sent from the CPU section 
5 to the storage medium 15 and stored therein. The data 
stored in the detachable storage medium 15 may be 
reproduced in a personal computer, for example, and may be 
used in giving a diagnosis. 
[0028] 

In addition, as shown in Fig. 1, the CPU section 5 may 
comprise a real-time clock serving for output ting a signal 
at each predetermined timing. The CPU section 5 controls 
the hardware section 4 based on the signals output from the 
real-time clock to allow the measurement to be carried out 
at regular intervals. The ultrasonic urinary volume sensor 
may be powered on in response to the signal output from the 
real-time clock and powered off after a predetermined time 
elapse following the end of the measurement. This 
arrangement can save the electric power and help achieve 
low power consumption. 
[0029] 

Further, as shown in Fig. 1, the CPU section 5 may 
comprise a gain control section serving for controlling a 
gain of the low noise eunplif ier 6 . This gain control 
section may provide an automatic control of an 
amplification factor (e.g., AGC) of the low noise amplifier 
6. 

[0030] 



The probe 30 may further comprise a trlaxial 
acceleration sensor (not shown). This allows for an 
automatic recognition of the posture of a patient (the 
position of the patient relative to the axis of earth) , 
such as a steuiding position, a sitting position and a lie 
position, and thus an automatic selection of the algorithm 
for correcting operation of the estimated urinary volume 
value, to thereby enhance the measurement accuracy. 
[0031] 

Further, it may be also possible to monitor the echoes 
obtainable from a plurality of ultrasonic oscillators 3 to 
find any unusual adhesive condition between the ultrasonic 
oscillators 3 and the body surface from the Irregularity of 
the echoes, and if so, the correction may be applied. 
Furthermore, if the deviation has been Induced in the 
estimated urinary volume in the bladder due to the physical 
movement, the correction in consistency with the 
incremental characteristic of the urinary volume in the 
bladder may be automatically applied to thereby enhance the 
accuracy of the estimated urinary volume value. Further, 
the condition of the echoes of the ultrasonic waves from 
the posterior wall of the bladder as well as from the 
organs located behind the bladder may be monitored, so that 
the micturition desire can be recognized on behalf of the 
patient. That is, when the urinary volume in the bladder 
has reached a urination level, the height of the echoes 
from the posterior wall of the bladder has become high in a 
short time. This Indicates that a reflection efficiency 
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from the bladder has been Increased, and at the same time, 
in conjunction with this increased reflection efficiency, 
the echo height of the echoes from the organs located 
behind the posterior wall of the bladder become smaller. 
Accordingly, the micturition desire can be detected on 
behalf of the patient from the correlation between 
respective echoes so that a third person can inform the 
patient of his/her detected micturition desire. 
[0032] 

Further, the probe 1 may be adhesively placed over the 
body surface in the abdominal section of the patient not 
only occasionally for a measurement but also for all the 
time. For example, it may be contemplated to use an 
ultrasonic bonding sheet implementing an ultrasonic wave 
transmission medium with a two-sided tape to allow for the 
constant wearing of the probe 1. This may help measure the 
urinary volume of the patient all the time. 



